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Rapid intensification and  propagation of the  dayside 
aurora: Large scale interplanetary  pressure pulses 
(fast shocks) 

Xiaoyan  Zhou  and Bruce T. Tsurutani 
Jet  Propulsion  Laboratory,  California  Institute of Technology,  Pasadena,  California 

Abstract. We present  two  cases  of  abrupt  dayside  auroral 
brightenings and  very  fast  auroral propagation  using  the 
POLAR UV imaging  data.  The  brightenings  occur  first  at noon 
and  then  propagate  along  the  auroral  oval  towards dawn and 
dusk.  Ionospheric  speeds  of 6 to 11  k d s  are  determined.  The 
auroral  brightenings  and  motion  are  associated  with  the  arrival 
and  propagation  of  interplanetary  shocks/pressure  waves.  The 
brightening at noon  occurs  within  minutes  of  the  shock  com- 
pression  of  the  noon-time  magnetopause.  The  speed of the 
auroral propagation  in  the  ionosphere  towards dawn  and  dusk 
corresponds  extremely  well  to  the  solar  wind  downstream  flow. 
Our model  assumes  that  shocks/pressure  waves  compress the 
outer  dayside  magnetosphere,  and  plasma  contained  therein. 
This  plasma  compression  leads  to  the  loss  cone instability, 
wave-particle  interactions,  and  concomitant  particle  loss into 
the  ionosphere. 

1. Introduction 
Variations  in  solar  wind  ram  pressure  have  been  shown t o  

cause  dayside  aurora at Earth.  During  solar  wind high  pressure 
or pressure enhancements,  postnoon  bright  spots  can be the 
optical  signatures  of  flux  transfer  events (RES)  (Sandholt, 
1987; Lui and Sibeck, 1991). Lui et al. (1995) have  reported 
“auroral  beads”  and  intense  dayside  aurora  during  a  high pres- 
sure  solar  wind  event. An interplanetary  shock  has  been  shown 
to be related  to sudden  dayside  auroral  brightening (Craven  et 
al., 1986). Energetic  electron  precipitation  into  the  dayside 
auroral  oval  can  occur  immediately  after  a  storm  sudden com- 
mencement (SSC) (Brown  et al., 1961; Egeland  et al.,  1994). 
Recent  work (Gonzulez and Tsurutuni, 1987) has  shown that 
most SSCs are  caused by interplanetary  shocks  associated with 
interplanetary  coronal  mass  ejections  (ICMEs). 

The  purpose  of  this  paper  is  to  study  the  ionospheric  re- 
sponse  to  interplanetary  shockslpressure  waves  measured  at 
WIND using  the POLAR W near-apogee  imaging  data.  The 
global  view  of  the  dayside  aurora  and  the  high  cadence (3 min) 
of  POLAR  images  allows us to  determine  accurate  timing  rela- 
tionships  between  interplanetary  and  ionospheric  phenomena, 
observe and measure  auroral ionospheric  propagation  veloci- 
ties,  and  survey  the  global  evolution  of  dayside  auroral  phe- 
nomena  due  to  interplanetary  shocks/pressure  waves. We pro- 
vide  a  model to  relate  shocks  and  auroral  zone  particle  precipi- 
tation. 
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2. Observations of Interplanetary  Shocks  and 
Dayside  Auroras 

2.1 December 10, 1997 event 

At 0432 UT December 10, 1997, the WIND spacecraft  re- 
corded  an  interplanetary  (IP)  shock. This is  shown by the 
dashed  line  in  Figure 1 .  The  forward  shock  (with  Mach  number 
- 2.1) is  identified by increases  in  the  interplanetary  magnetic 
field  magnitude,  solar  wind  bulk  speed,  proton  density  and 
proton  thermal  speed.  Based  on  the  shock orientation 
(provided by D. Berdichevsky,  private  communication, 1998) 
and propagation  speed, we calculate  that  the IP shock  should 
take - 53 min  to  travel  from  WIND to the  Earth. It is  estimated 
to  arrive  at  the  nose of magnetopause at - 0525 UT.  The shock 
at WIND causes an increase  in  ram  pressure P,, ( 1.16p,V:w ) 

from 2.0 to 7.5 nPa  (where we assume NHe++ = 4%N,+). The 

downstream  static  pressure P,, ( B 2 / 8 n + n k T )  increases  from 
0.03 to 0.15 nPa.  These  parameters  are  shown  in  the bottom 
two  panels  of  Figure 1.  Although P,, is  much  smaller  than P,,,, 
P,, increases by 5 times  across  the IP shock.  Assuming  mag- 
netic  flux  conservation  in  the tail lobe, the  size  of  the lobe 
will  be reduced -1/3 in  diameter by this  increased  static pres- 
sure  (see Ho and Tsurutani, 1997 and Kokubun, 1997 for  dis- 
tant tail examples). At the  time  when  the  shock  arrives at 
Earth, G E m A E  is  in  the  dawnside  magnetosheath  at  about 
(-3.7,  -25.1, -0.5 RE)  in  GSE  coordinates.  The  proton density 
increases  from 35 to 65 cm.3 at - 0528 UT while  the plasma 
velocity  increases  from 250 k d s  to 360 k d s .  The  enhanced 
plasma  velocity is mainly  along  the  negative X axis.  The 
magnetic  field  intensity  rapidly  increases  from 8 to 16 nT. If 
we assume  the  nose  of  dayside  magnetopause  is at 10 RE prior 
to  shock  arrival,  the  shock  should  take 4 min to  propagate 
from  the  nose  to  the GEOTAIL position. The  shock  should 
therefore  have  arrived  at  magnetopause at - 0524 UT. This i s  
basically  the  same  time as determined  by  our  extrapolation  and 
calculation  using WIND data. 

The  dayside  auroral  brightening  onset  and  subsequent 
propagation  are  shown  in  Figure 2, as  viewed  by the UVI. 
Typically,  the UVI obtains  an  image  every -3 min  with the 
same  wavelength  and  with  the  same  exposure  time.  In  Figure 2, 
the  images  come  from  the LBHS filter,  covering  the  wave- 
length  band  of -140 -160 nm.  The  bottom  color  bar  shows the 
auroral  intensity  in  photons cm.* s”.  The  near-noon  auroral 
brightening  is  first detected in  panel (c) when  the near-noon 
auroral  intensity  suddenly  increases by a  factor  of 3-4 (panels 
(a) and  (b)  are  shown  for  comparison).  The  brightening  is ob- 
viously  an  effect  of  the  arrival  of  the IP  shock.  Based  on  these 
images,  the  IP  shock  arrived  between 0523:24 UT and 0526:28 
UT. Thus,  there  is an excellent  agreement  in  timing  with  our 
calculation  of  the  shock  arrival,  either  from WIND or  from 
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region,  70"-80"  MLT).  The  average  longitudinal  propagation 
speed  is - 6 k d s .  With  a  similar  speed,  the  eastern  edge 

(e)). The  western edge of  the  aurora  propagates  along  the  dawn- 
side  oval  from - 10  MLT at 0104 UT to - 6 MLT at 0107  UT. 
Using  72"  as  an  average  latitude,  the  average  auroral  longitu- 

B 
nT 10 propagates  eastward  and  reaches 18 MLT at  0110 UT (panel ,, 
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nT dinal  propagation  speed  is - 11 k d s .  

-5 From  Figure  3  panels  (e) to (f), both  duskside  and  dawnside 
auroral brightenings are  intensified by about  a  factor of 2 .  
During  the  event  period  in  Figure 3, we do  not  find significant 30 
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3. Model and Discussion 
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The  dayside  auroras  shown  in  Figures  2  and 3 propagate 
very  fast from  local noon  towards  the  flanks.  The  aurora longi- 
tudinal  propagation  speed  in  the  December  10,  1997  event  is - 

6 9.5 k d s  in the  dawnside  (on  average).  For  the  January 10,  

2 duskside  and  at - 11  km/s  in  dawnside.  Because  these  values  are 
based  on  images  separated  by  3  min,  they  are  only approxi- 

0.05 cadence  is  required.  The  noon  to  dawn  motion  is  in  a direction 

0 4 : O O  0 6 : O O  tion. 

Pram 
n Pa 4 1997  event,  the  dayside aurora  propagates at - 6  km/s  in the 

0.10 mate  speeds.  For  more  accurate  ionospheric  speeds,  a  higher 

0.00 opposite  to  electron  drifts,  thus  this  is an unusual  auroral mo- 
n Pa 

Time (UT) Our model  for  this  auroral brightening and  rapid propaga- 
~i~~~~ 1, The  interplanetary shock on December 10, 1997, tion is that  the  increased  solar  wind  ram  and  static  pressures 
At the  time  of the  shock (- 0432 UT),  was  in  the up- from  the  shocklpressure  wave  first  compresses  the LLBL and 
stream  solar  wind at (207, 10, 23 RE) in  GSE  coordinates.  outer  magnetosphere  (see  also Craven et al., 1986).  The  com- 

pression  first  occurs  at  the  magnetopause  nose (-12 MLT) and 
then  exuands  towards  dawn  and  dusk as the  shocWpressure 

GEOTAJL. In  panel  (c),  the  western  leading  edge  is at - 9:30  
MLT;  the  auroral  brightening  has  a  wider  latitudinal  extent  and 
an  intensity  level  of - 6  photons cm" s.'.  At 0529 UT, this 
western  edge  moves to - 4:30 h4LT. Panel  (d) shows  auroral 
brightening  along  the arc  at - 75  magnetic  latitude. So from 
0526  to  0529 UT,  there  is  a  westward  propagation  speed of - 
11  k d s  (westward  means  clockwise,  eastward  means anti- 
clockwise  looking  down  over  the  north  pole).  The  western 
edge  of  the  aurora  arrives  at - 1:30 MLT in  panel (e). Using 
73"  as  an  average  latitude,  the  calculated  eastward  longitudinal 
propagation  speed  from  0529  to  0532  UT  is - 8 k d s .  In panel 
(e)  and (f) there  are  auroral  intensifications  near  dusk.  However 
it  is  difficult  to  measure  the  propagation  speed  based  on the 
images  for  this  case.  During  the  event  period  in  Figure 2,  we do 
not  find  significant  dayside  latitudinal  motion. 

2.2 January 10, 1997 event 

Another  fast  dayside  auroral  event  is  the  January  10, 1997 
event. An IP  shock  (with  Mach  number - 1.5)  is  observed by  
WIND at 0052 UT at an  upstream  distance of -85 RE. This is  
discussed  in  Tsurutani et al. (1998a) and Arballo et al. (1998). 
As shown  in  Figure  3,  the  auroral  brightening  occurs at a  time 
between  0100:44 and 0103:48 UT.  The  calculated  shock  arri- 
val  time  is - 0103 UT,  which  is  again  obtained  based  on  a  cal- 
culation  using  the  shock  orientation  and  propagation  speed. 
As  shown  in  panels (c) and (d), the  noon  aurora  expands  to- 
wards  both  east  and  west,  while  the  auroral  intensity increases 
about  a  factor of 2.  The  eastern  edge  propagates  from - 12  MLT 
at - 0104 UT  to - 14:30  MLT  at - 0107 UT along  75"  average 
magnetic  latitude  (actually  the  aurora is spread  over  a  wider 

wave  moves  downtail.  Assuming  that  the  first  adiabatic invari- 
ant of the  trapped  plasma  is  conserved, compression of the 
outer  magnetospheric  field  lines  leads  to an  increase  in  per- 
pendicular  kinetic  energy ( sl) of  the electrons (and protons) 
on  those  field  lines.  The  enhanced  TJTl of the distribution 
function  will  result  in  loss  cone  instability.  The  growth  of 
electromagnetic  whistler  mode  waves (Tsurutani et al., 1998b) 
leads  to  enhanced  electron  pitch  angle  scattering,  filling  of  the 
particle loss cone, and  results  in  electron  loss  into the  upper 
ionosphere. 

The  dayside  auroral  magnetic  latitude  location  and  region i n  
ionosphere  should  correspond  to  the L shells  which  have  been 
strongly  affected  by  the  compression of the  magnetosphere.  In 
this  scenario,  the  location  and  propagation  of  the  dayside 
auroral  forms  should  result from the propagation of the  com- 
pression  of  the  outer  parts  of  the  magnetosphere.  This  process 
is  illustrated  in  the  schematic  in  Figure  4. 

When  a  planar  shock  or  solar  wind  pressure  pulse  arrives  at 
the  nose  of  the  magnetopause,  the  magnetopause  is  com- 
pressed  and  moves  earthward.  This  is  indicated  in  the  first two 
panels.  When  pressure  balance  between  the  magnetospheric 
fields  and  the  solar  wind  is  achieved,  the  earthward  motion of 
the  magnetopause  will  cease.  The  ram  pressure and the in- 
creased  static  pressure  both  squeeze  the  magnetopause  inwards 
towards  the  Earth  on  the  flanks  (where  the  ram  pressure  is not 
perpendicular  to  the  normal  of  the  magnetopause).  The  magne- 
tospheric  compression  propagates  in  the  down-tail  direction 
along  with  the  shocWpressure  wave.  Wherever  the  fields  are 
compressed,  the loss cone  instability will  occur (assuming 
that  there  are  sufficient pre-existing  fluxes of  trapped  parti- 
cles)  and  cause  auroral  brightening. 

I 
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Figure 2. The  rapid  dayside  auroral  propagation  event  of 
December  10,  1997.  The image  exposure time  is  36.8 sec. 
There  is  3 min and 4 sec  between  images.  A  magnetic  coordi- 
nate  system  is  used.  Noon  is  at  the  top and dawn on  the right. 
Dayglow and background  noise  have  been removed from  the 
images.  Time  evolves  from  panel  (a) to (f) (top  down and then 
to  the  right).  Panel  (c)  shows  the  auroral  onset  just  after  the 
shock  arrival. 

In  this  scenario, we assume  that  the  auroral zone  magnetic 
field  lines are closed and map  to  the  outer  magnetosphere  at 
approximately  the  same  local  time.  Thus, the propagation  of 
the  compressed  magnetopause  position (A-A' in  Figure 4) 
should  be at a  speed  which  is  constant  with  the speed of the 
auroral  Propagation.  For  the  December 10, 1997  event,  the 
dawnside  auroral  propagation  speed  is - 9.5 km/s on  average. 
The  corresponding  speed  along  the  magnetopause  should be - 367 k d s .  This  speed  is  in  good  agreement  with  the 
GEOTAIL  magnetosheath speed of - 360 km/s. For the January 
10,  1997  event,  Interball-Tail  is  at  (-19,  19,  10 Re) GSM with 
Vx=-300 k d s .  The  predicted  speed by the  duskside  auroral 
propagation  (from  panel  (d)  to  (e))  is - 280 k d s .  

Figure 3. The  rapid  dayside  auroral  propagation  event  of 
January  10, 1997. The images  come  from the LBHL filter 
(-170 nm).  The  exposure  time,  spacing  between  images,  color 
bar  scale  and  format  are  the  same  as  in  Figure  2. 

4. Implications of the  Results 
We have  shown two  events of abrupt  auroral brightenings 

and rapid  motion  from  noon  to dusk and noon to dawn.  The 
brightenings are associated  with  the  arrival of IP 
shocks/pressure  waves at the magnetopause. The  rapid longi- 
tudinal  auroral  propagation  towards  both  flanks  are  matched 
with  the  speed  of  the  interplanetary  shock  or  the  high  speed 
pressure  pulse  moving  tailward. We predict  that  these  rapid 
dayside  aurora  onsets and global  ionospheric  propagation 
events are present in ground  all-sky  camera  or  photometer 
scanner  data. 

From the UV images  presented  here, we cannot  tell  exactly 
where  the  aurora  occurs: on  closed  or  open  (or  both)  magnetic 
field  lines?  From  our  model and from  the view of Lorentzen  et 
al. (1996),  one would expect  that  shock  related  auroral  en- 
hancements would  occur equatorward of the  cleftlcusp  aurora on  
the  dayside. We encourage  examination of ground-based 
auroral  observations  to  determine  what  type of auroral  en- 
hancements are  present  during magnetosphere/magnetosheath 
compression  events. 
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Figure 4. A model  of  magnetospheric  compression  caused by an IP shock  or  a  solar  wind  pressure  pulse.  This  schematic  is  a 
polar  view of the  dayside  magnetopause and auroral  oval.  The  magnetopause is  compressed by an IP shock  or  a  pressure  pulse 
(vertical  line)  arriving  from  the  left.  The  shock  propagates  down tail with  a  temporal  sequence  from (a) to (c). In  panel  (a),  a 
noon  auroral  brightening  occurs  just  after  the  shocklpressure  pulse  impinges  upon  the  nose  of  the  magnetopause. In panels  (b) 
and  (c),  the  noon  auroral  brightening  expands  towards  both  dawn  and  dusk  as  the magnetopause/magnetosphere compression 
proceeds  in the  tailward  direction. 

When an IP shock  or  a  solar  wind  pressure  pulse impinges 
on the  Earth’s  magnetopause,  fast  auroral  propagation  should 
occur  starting  from  local  noon  and  move  towards  the dawn and 
dusk flanks.  The  propagation  speed  will vary from  event t o  
event  and  depends  on  the  local  time  and  the  speed  of  the  inter- 
planetary  shock/pressure  pulse  event.  In  this  scenario the 
auroral  speed due to the magnetospheric  compression  should 
be  fastest  near  local  noon  and  the  slowest  in  the  nightside 
hemisphere.  Interplanetary  velocities  three  times  greater than 
the  events  reported  here  have  been  previously  discussed  in the 
literature.  The  intensity of auroral  brightenings  depends  on  the 
increase  in  ram  and static pressure of the  interplanetary events 
and  the  preexisting  magnetospheric  particle  fluxes.  Clearly 
the  fastest  interplanetary  events  will  have  the  greatest  ram 
pressure  and  one would expect  the  most  dramatic  auroral  ef- 
fects. 
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